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FINAL  TECHNICAL  REPORT 

This  work  has  developed  computer  simulations  of  how  ultra-short  pulsed 
lasers  will  interact  with  the  retina.  Consideration  was  given  to  how  optical  energy 
couples  into  the  melanosomes  of  the  retinal  pigmented  epithelium  (RPE),  how 
thermal  energy  is  confined  within  the  melanosomes,  how  stress  is  generated  in  the 
melansomes,  and  the  pulse-duration  dependence  of  thermal  and  stress  induced 
injury  to  the  melanosome. 

We  studied  the  hypothesis  that  ultra-short  laser  pulses  (<  100  ps)  will 
disrupt  melanosomes  by  the  mechanism  of  tensile  stresses.  Dense  10-nm 
granules  stud  the  membrane  walls  within  the  melanosome.  Ultra-short  .pulse  lasers 
deposit  energy  in  the  granules  faster  than  stress  can  escape  each  granule  at  the 
speed  of  sound.  The  stress  is  generated  in  each  granule  by  thermoelastic 
expansion.  Without  release,  the  stress  will  build  up  to  high  pressures  then  radiate 
as  high  pressure  stress  waves.  When  such  stress  waves  cross  granule/water 
interfaces,  or  on  the  larger  scale  of  1-2  um  melanosomes  when  stress  waves  cross 


melanosome/cytosol  interfaces,  the  mismatch  in  mechanical  impedance  generates 
tensile  stresses  (negative  value)  which  exceed  the  cavitation  threshold  for  soft 
tissue,  about  -10  to  -30  bars.  The  cavitation  causes  disruption  of  melanosomes. 
The  Minimal  Visible  Lesion  (MVL)  threshold  for  retinal  injury  for  laser  pulses 
below  100  ps  begins  to  drop  below  the  threshold  based  on  simple  explosive 
vaporization  of  melanosomes  due  to  generation  of  water  vapor.  This  drop  in  MVL 
begins  at  100  ps  and  drops  roughly  10-fold  at  increasingly  shorter  pulses  extending 
into  the  100  fs  regime.  This  10-fold  magnitude  is  consistent  with  the  predictions  of 
the  hypothesis  of  a  tensile  stress  mechanism  of  melanosome  disruption  secondary 
to  stress  confinement  in  melanosomal  granules. 

We  began  to  coordinate  our  work  with  the  AFOSR-sponsored  research  of 
Randy  Glickman,  Ph.D.,  and  the  Univ.  of  Texas  Health  Science  Center  at  San 
Antonio,  Dept,  of  Ophthalmology.  His  work  has  studied  oxidative  damage  to  the 
RPE  caused  by  melanosomes  when  exposed  to  blue  light.  We  jointly  explored  the 
hypothesis  that  laser-disrupted  melanosomes  would  expose  the  melanin  of  the 
melanosomal  interior  to  the  cytosol  of  the  cell,  then  subsequent  blue  light 
exposure  would  activate  the  melanin  to  cause  oxidative  injury  to  the  cell  which  in 
turn  would  lead  to  cell  death  and  an  observable  MVL. 

We  disrupted  melansomes  isolated  from  the  bovine  RPE  using  a  Q- 
switched  doubled-Nd:YAG  pulses  (10  ns,  532  nm).  The  disrupted  melanosomes 
were  then  irradiated  by  blue  light  (argon  laser,  480  nm)  to  activate  the  melanin 
photochemically  so  that  it  oxidized  a  test  substrate  (NADPH).  We  demonstrated 
that  laser  disruption  of  melanosomes  enhances  melanosome-mediated  oxidation  of 
NADPH,  assayed  spectrophotometrically.  NADPH  oxidation  is  a  model  system 
for  oxidative  injury  to  the  components  of  the  cell  cytosol.  Our  finding  supported 
the  hypothesis  that  laser-disrupted  melanosomes  increase  the  susceptibility  to 
retinal  injury  by  blue  light  exposure. 

The  practical  conclusions  of  our  studies  are: 

(1)  After  acute  pulsed  laser  injury,  there  may  be  a  risk  factor  associated 
with  ocular  exposure  to  blue  Hght,  for  example  the  blue  light  in  sunlight  or 
artificial  lighting.  Such  blue  light  exposure  may  exacerbate  the  initial  laser  injury. 

(2)  Ultra-short  laser  pulses  (<  100  ps)  may  cause  melanosome  disruption  via 
tensile  stresses  that  elicit  cavitation.  Such  disruption  would  then  enable  the  above 
susceptibility  to  blue  light  oxidative  injury.  This  hypothesis  is  consistent  with  the 
reported  10-fold  drop  in  MVL  for  laser  pulses  below  100  ps. 
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